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Supplementary Materials and Methods

Preparation of the rectifier
The process began by defining p-and n-doped regions on SOI wafer (Soitec, unibond with 300 nm top p-type Si layer with the resistivity of 14-22 Ω·cm and 400 nm-thick buried oxide layer) via impurity diffusion. Boron was pre-deposited in the furnace at the temperature of 1,050 °C for 70 sec under the flow of N2 (1,000 sccm) using RTA to diffuse the boron concentration uniformly across the 300 nmthick top silicon wafer. After photo-lithographically patterning the SiO2 (thickness: 300 nm) deposited by PECVD on the p-doped area, phosphorus was deposited in the RTA furnace at 1,050 °C for 120 sec under the flow of N2 (1,000 sccm) in order to convert p-type into n-type. Subsequently, the SiO2 and SiOx on the surface were removed using buffered HF solution. The silicon p-n diode on the SOI wafer was transferred onto the target substrate system (500 nm-thick parylene/800 nm-thick Cu film/Si wafer) by etching away the buried oxide layer of SOI wafer with 50% HF solution, and then picking up the Si diode with PDMS stamp. After transfer, anode and cathode (Cr/Au: 3/100 nm) of diode were deposited and patterned photolithographically. After that, the capacitor for rectifier was manufactured. In the capacitor, the bottom electrode is connected to the cathode (n-type side of the diode), and the 300 nmthick SiO2, dielectric material for capacitance, is deposited by PECVD. The top electrode of the capacitor (Cr/Au: 3/100 nm) was also deposited and patterned.
Fabrication of AgNF electrodes for antenna and interconnects
In order to form ultra-long AgNFs, a suspension of Ag nanoparticles (NPK, Korea, average diameter: 40 ± 5 nm, solvent: ethylene glycol, concentration = 50 wt.%) was electrospun continuously onto the target substrate. Then, the electrospun sample was thermally annealed at 150 °C for 30 min to coalesce the Ag nanoparticles into electrically-conductive AgNFs with an average diameter of 338 ± 35 nm, and these annealed AgNFs were photolithographically patterned using wet etching process for the antenna and interconnects.
Graphene synthesis using chemical vapor deposition (CVD) and transfer of graphene on the target substrate A Cu foil (Alfa Aesar, item No.: 13382) on a quartz stage was placed in the center of quartz CVD chamber under low vacuum condition (10 mTorr). After loading, the furnace was heated up to 1,000 °C under the flow of Ar (200 sccm) and H2 (500 sccm). Under the flow of CH4 (12 sccm) and H2 (500 sccm), the graphene synthesis was carried out for 5 min, and then the furnace was cooled rapidly to room temperature with flowing Ar (500 sccm). A 200 nm thickness of poly(methyl methacrylate) (PMMA, Microchem Corp., 950 PMMA) was spun on the graphene sample which is synthesized on the Cu foil as a supporting layer. The metal foil was removed by floating on a diluted etching solution of FeCl3: HCl: H2O (1:1:20 vol.%). After the etching process, the PMMA coated graphene layer was floated onto the deionized water for rinsing. Subsequently, the sample was transferred onto the target substrate, and the transferred sample was dried in the atmosphere for 4 hours. After drying, the PMMA layer was dissolved by acetone.
Electrical characterization
The four-point probe method was used for the measurement of sheet resistance using a probe station with a Keithley 4200-SCS semiconductor parametric analyzer. The electrical characteristics of Si diodes and real-time sensing of glucose sensor were conducted using a probe station (Keithley 4200-SCS). (i) The I-V curves of Si diodes were measured with the drain bias (VD) from -5 V to 5 V.
(ii) The real-time sensing of glucose sensor was conducted with the VD of 5 V.
Wireless measurements and operations
For wireless operations of wireless display and soft, smart contact lens, the power is generated and wirelessly transmitted by the waveform generator (Keysight 33520B) connected with RF power amplifier (A-300). The transmitted waveform is measured by the oscilloscope (Keysight MSOX3032T).
Thermal characterization
For the thermal characterization during in-vivo test, the temperature was measured by an LWIR camera (T650sc, FLIR Systems, Wilsonille, OR, USA). The temperature distribution of images and video was analyzed using the FLIR ResearchIR software (Research IR Max, FLIR Systems). fig. S10. Sequential schematic images to transform to the lens shape. The circuit in the hybrid substrate was cut off with donut shape. The circuit was located inside the lens mold, and then the contact lens material is fulfilled. After pressing the upper mold with 313 kPa, followed by curing process, the circuit is embedded into the contact lens. fig. S11 . Mechanism of glucose sensing on graphene channel. When the glucose approaches to the functionalized graphene channel. The GOD will convert glucose into gluconic acid in producing a byproduct, H2O2. After that, H2O2 will be naturally decomposed into O2, electron, proton (H + ion). In addition, the protons will increase the major carrier density of graphene channel. 
